THE nature and characteristics of the rays emitted by the members of the radium series have been studied in great detail, and one may find in the literature of the subject quantitative data applicable to the rays given out by each member from radium to its final radio-active product, polonium. If the relative intensities of the rays under all circumstances were accurately known it would be possible to express the composite radiation in terms of these individual quantities; this composite radiation is the immediate concern of those engaged in radium therapy, and the following measurements have been carried out in order to provide data from which the general characteristics of the rays actually used under various conditions may be clearly seen. These measurements have been confined to the beta and gamma rays; the alpha rays from radium do not penetrate to a greater depth than 01 mm. of any tissue, and would therefore only come into consideration if the radium were administered as a drinking water or by intravenous or subcutaneous inoculation. The beta and gamma,rays are heterogeneous to a marked degree, and although the statement that the beta rays are much more easily absorbed than the gamma rays is generally true, the recent work of Rutherford and Richardson' has shown that some of the softer gamma rays from RaB are more easily absorbed by aluminium than are the harder types of beta rays. Since the separation of beta rays by a magnetic field is not a practical clinical issue, it is not possible to say under all circumstances exactly what types of rays are being used, but we are nevertheless able to say to what extent they are absorbed by the tissues.
Measurements of Radium Rays as used Clinically. By S. Russ, D.Sc. THE nature and characteristics of the rays emitted by the members of the radium series have been studied in great detail, and one may find in the literature of the subject quantitative data applicable to the rays given out by each member from radium to its final radio-active product, polonium. If the relative intensities of the rays under all circumstances were accurately known it would be possible to express the composite radiation in terms of these individual quantities; this composite radiation is the immediate concern of those engaged in radium therapy, and the following measurements have been carried out in order to provide data from which the general characteristics of the rays actually used under various conditions may be clearly seen. These measurements have been confined to the beta and gamma rays; the alpha rays from radium do not penetrate to a greater depth than 01 mm. of any tissue, and would therefore only come into consideration if the radium were administered as a drinking water or by intravenous or subcutaneous inoculation. The beta and gamma,rays are heterogeneous to a marked degree, and although the statement that the beta rays are much more easily absorbed than the gamma rays is generally true, the recent work of Rutherford and Richardson' has shown that some of the softer gamma rays from RaB are more easily absorbed by aluminium than are the harder types of beta rays. Since the separation of beta rays by a magnetic field is not a practical clinical issue, it is not possible to say under all circumstances exactly what types of rays are being used, but we are nevertheless able to say to what extent they are absorbed by the tissues.
The two chief methods by which radium is used clinically are, either to spread the radium over a flat applicator, or to insert the radium in a small metal tube (usually of platinum) of thickness varying from 0 3 mm. to 1P5 mm. or more. The flat applicator will first be considered. Varying with the thickness of varnish covering the radium, the radiation will consist of a varying quantity of beta and of gamma rays. When such an applicator is applied to the superficial tissues it is desirable ' Philosophical Magazine, 1913, p. 722. to know how the intensity of the rays decreases in the successive layers of the tissue. It decreases because of the spreading out of the rays from the source, and also because of the absorption which the rays suffer as they make their way through the succeeding layers. It will be seen from the subsequent data that as far as the beta rays are concerned the absorption by the tissues determines this decrease in intensity very much more than the increasing distance does, but that the decrease in the gamma ray intensity is much more due to the distance effect than to the absorption that they suffer.
The radiation from a flat applicator has been studied in the following manner: A shallow cylindrical box of aluminium, 2 mm. deep and 4 cm. diameter, was provided with a mica window, thick enough to stop all the alpha rays. This box was filled with about 10 milli-curies,' and when the active deposit (RaA, RaB and RaC) had reached its equilibrium value, measurements were made of the composite radiation emitted from it. This was done in the following manner: The applicator was mounted in line with an ionization chamber (B) ( fig. 1 ), an aluminium disk which was connected by a wire running through the amber plugs (D, D) to a small gold leaf electroscope (C). The rays entered B through a very thin aluminium window (A) (about 0 001 mm. thick), and ionized the air in this vessel, which was measured by the rate of movement of the gold leaf in C, the rays being practically excluded fi om C by an intervening mass of lead 10 5 cm. thick. The cylindrical ionization chamber (B) was 4 cm. diameter (the same as the applicator), and the depth x could be varied as required; it was generally 1P2 cm. The composite radiation from the unscreened applicator is very IOne milli-curie is the amount of emanation in equilibrium with 1 mgr. of-radium. rapidly absorbed by aluminium sheets placed in front of the vessel B. This may be seen from the lowest curve (fig. 2 ). The ionization is reduced to about one-tenth of its initial value in going through 09 mm. of aluminium. The applicator was now screened with P5 mm. of aluminium, and the character of the emergent rays again determined. From the middle curve of the same figure it will be seen that 09 mm.
of aluminium now reduces the ionization to 47'5 per cent. of its initial value, instead of to 10 per cent., as in the previous case; this part of the composite radiation is of moderate penetrating power (about that of X-rays from a bulb running at 5 to 6 cim. spark-gap, the softest rays excepted). The applicator was then screened with 2 mm. of lead, and a similar series of measurements made. The data of special interest here are those at the beginning of the top curve of the same diagram. They show that there is a soft component present (almost certainly secondary gamma rays produced in the lead), which actually makes the curve dip below the preceding one, although the bulk of the radiation, as the rest of the curve shows, is much more penetrating. The numerical data for these three cases of the composite radiation will be found in Table I . The heterogeneous nature of the composite radiation having been studied in aluminium, the extent to which the more easily absorbed of these rays (curves 1 and 2) penetrate various tissues has been found. The tissues were those of the sheep; they were mounted on wooden blocks, frozen, and thin layers (065 mm. thick) cut with a large size microtome and then mounted on a thin mica frame in front of the window of the ionization vessel. The absorption by the tissues of the unscreened rays from the applicator was first measured, and then when the rays were screened by 1'5 mm. of aluminium, the data for which are collected in Table II (p. 96).
When these data are plotted out on diagrams the same general features are noticed as when the rays are absorbed by aluminium-viz., a very rapid absorption of the unscreened rays, which becomes less marked when the rays are screened. From the data it may be seen whether the tissues absorb the rays as their densities would suggest, and by direct comparison between the numbers with those for aluminium (Table I) whether they are, weight for weight, such efficient absorbers. From the general trend of the decrease in ionization in going through my-6 the same thickness of muscle, liver, spleen, &c., it will be seen that the denser the tissue the more it absorbs. After traversing about 3 to 3'4 mm. of these tissues the unscreened composite radiation is reduced to about 5 or 6 per cent. of its initial value. 
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A comparison of the absorbing powers of these tissues with that of aluminium is made by finding the reduction in the ionization that a certain thickness of tissue causes, and then finding from the bottom curve (fig. 2 ) the thickness of aluminium which causes the same diminution in the ionization. If the ratio of the thickness of tissue to that of aluminium is the inverse of their respective densities, then the tissue absorbs according to a simple density relation. This has been tested and the results collected in Table III . The last column, which should be unity if the above density relation holds, shows that muscle and fat absorb the rays very nearly according to this simple density relation, but that for the other tissues aluminium is a rather more effective absorber, weight for weight, than they are, the spleen appearing to be the least efficient. The effect of any secondary radiation given out by the tissues would be to make them appear as less efficient absorbers. A similar procedure with the screened rays shows that the ratio a/b is 1114, 1P22, and 1'07 for muscle, spleen, and brain respectively. Absorption measurements are more easily and accurately made with a substance like aluminium than with tissues. When the coefficient of absorption (x)1 of some radiation has been found in aluminium, the above measurements indicate that no very serious errors would generally be introduced if the coefficient of absorption of these same rays in a tissue were reckoned from the simple relation-Coefficient of absorption in tissue = coefficient in aluminium x density of issue density of aluminium.
In blood-containing organs such as spleen, liver, &c., however, this process would probably give rather higher values than the actual absorption coefficients.
THE RADIATION FROM RADIUM IN PLATINUM TUBES.
When salts of radium are enclosed in platinum tubes the radiation emitted is mostly of a penetrating character, a thickness of 03 mm. being sufficient to absorb all the soft, and a considerable proportion of the moderately penetrating beta and gamma rays. Even so, however, the composite radiation through 03 nmm. of platinum consists not only of the very penetrating rays but of some components which are only completely cut out by an additional 1P2 mm. of platinum (1'5 mm. in all, or 3 mm. of lead).
The method by which such measurements are made has already been indicated: the tube containing the radium is mounted at a suitable distance from the ionization vessel, and the gradual reduction observed when layers of aluminium are interposed between them. The general character of this radiation may be seen from curves (1) (2) (3) and (4) in fig. 3 , corresponding to thickness of platinum 03 mm., 0 5 mm., 1 mm., and P5 mm. respectively. Inspection shows that the rays screening such a tube with an additional millimetre of platinum is to cut out all except the very penetrating rays. The presence of the moderately penetrating rays is more evident still when the platinum is reduced to 03 mm. The numerical data from which the curves are drawn are collected in Table IV . Confining our attention to the two typical cases-viz., the flat applicator and the metal tube-if it were known how the radiation, apart from absorption, varies in intensity at different distances from the source, the data necessary for finding the intensity of the rays at any required depth in the tissues would be at hand. To determine the values of the radiation at different distances the same apparatus as in fig. 1 was used, except that the depth (x) of the ionization chamber was reduced from 12 to 3 mm., this being as shallow as could be conveniently used. The flat applicator was then placed at distances 1, 2, 3 to 10 cm. away from the face of the ionization chamber, and the respective values of the ionization due to the beta rays observed. The values obtained are collected in Table V , the value at a distance 1 cm. being taken as 100, and a small correction applied to the values at the other distances to allow for the absorption of the rays by the air between the applicator and the vessel. A similar series was obtained for the radiation from a small tube 2'5 cm. long placed at different distances along the axis of the same shallow ionization vessel. These values, also corrected for the absorption of the air, are to be found in the same table. It will be observed that the radiation falls off more quickly from the tube than it does from the flat applicator.
To find the varying intensity of the rays as they go through some tissue of the density of water let us assume two typical clinical cases:-
(1) Radium in flat circular applicator, 4 cm. diameter, screened by 2 mm. of lead and the soft components (vide fig. 2 ) cut out by a few layers of lint.
(2) Radium in platinum tube 15 mm. thick, 2'5 cm. long. Case 1.-After going through 2 mm. of lead and the layers of lint the rays are still not homogeneous but consist of moderate and very penetrating rays, with the result that the absorption coefficient in aluminium gradually diminishes. This was measured for varying thicknesses up to 9 mm., and by plotting logarithmically all the data in column 4 of Table I it is found that after going through 3 to 4 mm. of aluminium-i.e., approximately 1 cm. of tissue-the rays are all of the very penetrating type with a coefficient of absorption in aluminium of 0142 cm.-1, and therefore in tissue 2.71 -0'0524 cn.1 With the help of this number the data in Table VI have been obtained showing the decrease in the ionizing value of the rays after going through the given thicknesses of tissue, simply on account of the absorption. The value at 1 cm. is taken as 100, the value of 2 cm. is got directly from the absorption curve, fig. 2 , and the others calculated from the above coefficient.
Case 2.-A similar procedure has been carried through here; the rays which pass through 15 mm. of platinum are all of the very penetrating type with an " effective " co-efficient of absorption in aluminium of 0o205 cm.?1, and therefore in tissue 05 = 0'076 cm.1 The 2-71 numbers given in the same table are calculated directly by means of this coefficient. (The different values of X are due to the different experimental conditions.)
The data are now available for finding the intensity of the rays at any particular depth of tissue for these two cases. If the radiation number, Table V , is multiplied by the corresponding absorption number, Table VI, question. These values at each depth, that at 1 cm. again being taken as 100, are given in Table VII and reproduced in fig. 4 . The radiation 
2-9
from the applicator diminishes less rapidly than that from the tube except for the first centimetre, in which the more absorbable rays are stopped. From the data given in Tables I and IV Dr. FINZI asked Dr. Russ whether he thought one layer of lint was sufficient to cut off the secondary radiations. With regard to the increased effect obtained at a depth when a plaque of radium was used compared to when a tube was used, he suggested that this was probably due to the fact that the source of the radium rays covered a much larger area in the latter case.
Dr. Russ, in reply, said that with regard to the lint, it had been assumed that'a sufficient amount was used to cut off the secondary rays from the lead.
The radiation from the disk decreased more slowly with the distance than that from the tube, entirely on account of the manner of its distribution.
